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Outlines	  
•  Spectral	  longwave	  radiaJve	  feedbacks	  
– DefiniJons	  and	  moJvaJons	  
– Spectral	  radiaJve	  kernel:	  derive	  spectral	  long-‐
wave	  feedbacks	  from	  the	  CMIP3/5	  archives	  

•  Case	  study	  1:	  LW	  water-‐vapor	  feedbacks	  
•  Case	  study	  2:	  “Engineering	  climate	  
sensiJvity”	  (ongoing)	  

•  Conclusions	  and	  discussions	  
•  Other	  updates	  



Spectral	  LW	  radiaJve	  feedbacks:	  
definJon	  

Averages	  of	  net	  TOA	  broadband	  flux	  R(x,y;t)	  

X	  :	  [Temp,	  WV,	  cloud,	  albedo]
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Spectral	  radiaJve	  feedbacks	  

Change	  of	  global-‐mean	  surface	  temperature	  

(Soden	  et	  al.,	  2008)	  

vR frequency   thedimension,another  has 



What	  spectral	  dimension	  can	  offer?	  

Reveal	  compensa-ng	  differences	  that	  cannot	  be	  
revealed	  in	  broadband	  diagnos-cs	  alone.	  
	  



Example:	  Spectral	  decomposiJon	  of	  
broadband	  lapse-‐rate	  feedback	  

0-‐400	  LR	  

CanESM2	   -‐0.08K	  

INMCM4	   -‐0.04K	  

ContribuKon	  to	  ΔTs	  @2xCO2	  



How	  to	  obtain	  them?	  
•  Huang	  et	  al.	  (2014,	  GRL)	  developed	  and	  validated	  spectral	  radiaJve	  kernel	  

techniques	  to	  compute	  spectral	  LW	  feedbacks	  from	  the	  CMIP3/5	  monthly-‐mean	  
archives.	  



•  Spectral	  informaJon,	  though	  useful,	  could	  be	  
also	  overwhelming.	  

•  How	  to	  make	  best	  use	  of	  it	  in	  model	  
diagnosJcs	  and	  data-‐model	  evaluaJon?	  



(Held	  and	  Shell,	  2012)	  

Case1:	  Water-‐vapor	  feedback	  using	  RH	  as	  state	  variable	  

RH	  

SH	  

The	  puzzle	  of	  “constant	  relaKve	  humidity”	  	  	  

CMIP3	  models	  
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Idea1:	  sorJng	  the	  frequency	  channels	  

v	   Pressure	  (ver-cal	  dimension)	  
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Profiles of cumulative RH feedback (W/m2/K) 



Spatial distribution of broadband RH feedback: 
ensemble mean of the CMIP5 models 
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Further	  composite	  with	  respect	  to	  the	  posiKve	  and	  negaKve	  RH-‐feedback	  regions	  
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Profiles of Composite cumulative RH feedback (W/m2/K) 
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Profiles of cumulative fraction of  composite RH feedback (W/m2/K) 
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Case2 



(Zhao	  et	  al.,	  2016)	  



What	  “current-‐climate	  observaJons”	  
can	  differenJate	  the	  H/M/L	  models?	  
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Conclusions	  and	  discussions	  

•  Spectral	  informaJon	  is	  under-‐uJlized	  in	  
current	  climate	  studies,	  yet	  it	  can	  be	  of	  help	  in	  
many	  constraints	  and	  diagnosJcs.	  

•  The	  “constant	  relaJve	  humidity”	  is	  largely	  due	  
to	  a	  cancellaJon	  across	  the	  globe.	  The	  
cancellaJon	  exists	  for	  every	  pressure	  level.	  	  

•  ContribuJons:	  Lower	  troposphere	  vs.	  upper	  
troposphere	  	  

•  Different	  ways	  of	  uJlizing	  the	  spectral	  info	  



Other	  updates	  
•  We	  have	  processed	  spectral	  flux	  from	  2002	  to	  
2015	  using	  collocated	  AIRS	  v6	  and	  CERES	  (Ed2,	  
Ed3,	  Ed4)	  
–  Footprint-‐level	  and	  monthly	  gridded	  spectral	  flux	  
–  hip://www-‐personal.umich.edu/~xianglei/datasets.html	  

•  We	  have	  developed	  a	  global	  surface	  spectral	  
emissivity	  data	  set	  (including	  far-‐IR),	  which	  is	  
anchored	  on	  MODIS	  retrievals	  and	  validated	  
against	  IASI	  retrievals.	  
–  Incorporate	  this	  into	  the	  CESM	  
–  Correct	  bias	  in	  simulated	  upward	  LW	  flux	  at	  surface	  
–  Impact	  on	  simulated	  climate	  



Control	  runs	  at	  
2000s	  forcing	  

CESM	  Slab	  Ocean	  
(15-‐year	  avg	  )	  

Fully	  Coupled	  CESM	  
(18-‐year	  avg)	  

Standard	   Modified	  –	  
Standard	  diff	  

Standard	  	   Modified-‐
Standard	  diff	  

Surface	  (all	  in	  Wm-‐2)	  

LW	  flux!	   401.0	   -‐5.7	   400.7	   -‐4.0	  

LW	  flux"	   344.3	   -‐4.5	   343.8	   -‐2.6	  

SW	  flux!	   22.9	   0.5	   22.7	   0.3	  

SW	  flux"	   181.5	   0.5	   181.5	   0.2	  

Latent	  heat	  flux	   83.3	   -‐1.3	   83.7	   -‐0.5	  
Sensible	  heat	  flux	   18.0	   0.5	   18.0	   0.5	  

TOA	  (all	  in	  Wm-‐2)	  

LW	  flux!	   233.7	   -‐2.3	   233.7	   -‐1.8	  

SW	  flux!	   106.7	   0.5	   106.6	   0.3	  

Col.	  Rad.	  Cooling	  
(Wm-‐2)	  

101.9	   -‐0.6	   101.7	   -‐0.1	  

Precip	  Rate	  (mm/
day)	  

2.88	   -‐0.04	   2.87	   -‐0.02	  

Ts	   288.65	   -‐0.20	   288.61	   0.13	  

Impact	  of	  the	  radiaKon	  budget	  and	  column	  radiaKve	  cooling	  

#  Modified	  untuned	  version	  
#  If	  model	  is	  tuned	  to	  TOA	  balance	  first,	  surface	  flux	  difference	  is	  even	  larger	  



(Modified	  –	  Standard)	  Sea	  Ice	  FracJon	  
Slab	  ocean	  run,	  20-‐year	  average	  

Colored	  cells	  are	  significant	  at	  the	  0.05	  level	  

Colored	  cells	  are	  significant	  at	  the	  0.05	  level	  

(Modified	  –	  Standard)	  Precip	  Rate	  



Thank	  You!	  
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W/m2/K	  

Mean broadband  far-IR RH feedback across CMIP5 models 
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Mean broadband RH feedback of IR window region across CMIP5 models  



Using	  RH	  as	  a	  state	  variable	  

Planck’	   LR’	   RH	  
gfdl	  cm2.0	  	   -‐1.95	   -‐0.26	   0.05	  
giss	  er	   -‐1.95	   -‐0.36	   -‐0.02	  
inmcm	  3.0	   -‐2.07	   -‐0.25	   -‐0.04	  
miroc3-‐2-‐medres	   -‐2.02	   -‐0.16	   -‐0.07	  
mpi-‐echam5	   -‐2.07	   -‐0.38	   -‐0.02	  
m-‐cgcm2-‐3-‐2a	   -‐1.99	   -‐0.25	   0.17	  
ncar-‐ccsm3	   -‐2.01	   -‐0.18	   -‐0.02	  
MPI-‐ESM-‐LR	   -‐2.05	   -‐0.40	   -‐0.04	  
IPSL-‐CM5A-‐LR	   -‐1.97	   -‐0.39	   0.01	  
CNRM-‐CM5	   -‐2.05	   -‐0.09	   -‐0.02	  
BNU-‐ESM	   -‐2.08	   -‐0.05	   0.01	  
HadGEM2-‐ES	   -‐2.01	   -‐0.23	   -‐0.00	  
MRI-‐CGCM3	   -‐1.96	   -‐0.20	   -‐0.05	  
FGOALS-‐s2	   -‐2.06	   -‐0.22	   0.13	  



Using	  RH	  as	  a	  state	  variable	  
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QuesJons	  to	  be	  addressed	  

•  Can	  we	  derive	  spectral	  feedbacks	  from	  CMIP3	  
and	  CMIP5	  monthly-‐mean	  archives?	  

•  If	  so,	  what	  new	  insights	  spectral	  feedbacks	  can	  
bring?	  



ConstrucJon	  of	  Spectral	  RadiaJve	  
Kernel	  (SRK)	  

•  Forward	  model:	  Liu	  et	  al.	  (2006,	  Appl.	  OpJcs)	  and	  Chen	  
et	  al.	  (2013,	  JGR)	  	  
–  PCRTM	  (Liu	  et	  al.,	  2006):	  a	  fast	  radiaJve	  transfer	  model	  
with	  enough	  accuracy	  

–  Chen	  et	  al.	  (2013)	  takes	  cloud	  sub-‐grid	  variability	  into	  
account	  as	  done	  in	  the	  ISCCP	  simulator	  

•  Use	  the	  same	  data	  sets	  as	  in	  Soden	  et	  al.	  (2008)	  to	  
develop	  and	  validate	  the	  spectral	  radiaJve	  kernel.	  

•  SRK	  is	  computed	  at	  0.5cm-‐1spectral	  interval	  (shown	  
here	  at	  10cm-‐1	  interval)	  

•  Currently	  LW	  only	  



ValidaKon:	  comparisons	  with	  the	  PRP	  results	   



ValidaKon:	  comparisons	  with	  the	  PRP	  results	   





Spectral	  RadiaJve	  Feedback	  
(Wm-‐2	  per	  10cm-‐1	  per	  K)	  

Intermodel	  Spectral	  =	  Max/Min	  



Broadband	  

500	  cm-‐1	  

900	  cm-‐1	  

SpaJal	  distribuJon	  of	  the	  all-‐sky	  spectral	  feedback:	  	  
deciphering	  the	  broadband	  feedback	  	  	  

Broadband	  

500	  cm-‐1	  

900	  cm-‐1	  

Lapser-‐rate	  feedback	  	   LW	  Water-‐vapor	  feedback	  	  

Maps	  of	  clear-‐sky	  feedbacks	  are	  similar	  

CMIP3	   CMIP3	  CMIP5	   CMIP5	  


